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(57) ABSTRACT

A radar sensor including an antenna array having multiple
antenna elements situated next to one another and at least one
feeding point at an outer antenna element. The antenna ele-
ments are connected in series via delay lines. The radar sensor
has at least two transmitting and receiving units which are
each suitable for generating and evaluating a radar signal at a
predefined frequency. The at least two transmitting and
receiving units are connected to a feeding point of the antenna
array. The frequencies of the radar signals of the at least two
transmitting and receiving units are predefinable indepen-
dently of one another.
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1
RADAR SENSOR

FIELD OF THE INVENTION

The present invention relates to a radar sensor having an
antenna array including multiple antenna elements situated
next to one another and at least one feeding point on an outer
antenna element. The antenna elements are connected in
series via delay lines.

BACKGROUND INFORMATION

Radar sensors are increasingly used in motor vehicles to
determine distances and relative speeds with respect to pre-
ceding vehicles. They make distance warnings and adaptive
cruise control (ACC) possible.

Such antenna arrays, which are also referred to as phased-
array antennas, have significant directivity and thus allow the
creation of angle-resolved radar sensors. The delay lines
cause phase shifts between the waves emitted by the indi-
vidual series-connected antenna elements. The antenna
arrays are designed in such a way that constructive and
destructive interference of the emitted waves results in a
lobe-shaped directional characteristic of the radar field emit-
ted by the antenna array at the radar frequency used by the
radar sensor, e.g., in the range of 76 gigahertz (GHz). The
formed directional lobe is able to be swiveled by varying the
transmitting and receiving frequency.

Information regarding preceding vehicles may thus be
acquired in an angle-resolved manner via frequency varia-
tion. The area in front of a motor vehicle may be scanned in a
corresponding angle-resolved manner. However, the scan-
ning times are long due to the swiveling of the directional
lobes over the entire viewing angle. In addition, the surround-
ings are scanned at a particular instant at only a single swiv-
eling angle corresponding to the width of the directional lobe.

A radar sensor including multiple independent antennas is
described in German Patent Application No. DE 10 2006 032
540 Al. The antennas are situated offset in relation to an
optical axis of a shared radar lens. Each individual antenna
has a predefined directional characteristic, the antennas cov-
ering different angular ranges due to the configuration of the
individual antennas and the shared radar lens. Simultaneous
angle-resolved scanning of different angular ranges is pos-
sible in this manner, the radar sensor being configured in a
mechanically complicated manner due to the use of indepen-
dent antennas and the radar lens and the angular ranges not
being able to be readily changed.

SUMMARY

It is an object of the present invention to provide an angle-
resolving radar sensor that makes it possible using a simple
mechanical design to scan multiple angular ranges at the
same time and to be able to swivel the scanned angular ranges
in a simple manner.

In accordance with the present invention, an example radar
sensor may include an antenna array having multiple antenna
elements situated next to one another and connected in series
via delay lines has at least two transmitting and receiving
units suitable for generating and evaluating a radar signal at a
predefined frequency. The at least two transmitting and
receiving units are connected to a feeding point of the antenna
array. The frequencies of the radar signals of the at least two
transmitting and receiving units are predefinable indepen-
dently of one another.
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2

As a result of the configuration of the antenna array having
antenna elements situated next to one another and delay lines
situated between them, each of the radar signals of a trans-
mitting and receiving unit causes the emission of a targeted
radar field. The direction is determined by the frequency of
the radar signal of the particular transmitting and receiving
unit. In total, the superposition of the individual signals of
each transmitting and receiving unit 20 results in a radar field
composed of the superposition of at least two targeted radar
fields. As a result, at least two—or also more in the case of
multiple transmitting and receiving units—angular ranges
may be scanned at the same time. The angular ranges may
also be swiveled in a simple manner by varying the frequen-
cies. The embodiment of the antenna array as a phased-array
antenna also allows a simple mechanical design.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is explained in greater detail below
on the basis of exemplary embodiments with the help of the
figures.

FIG. 1 shows a first exemplary embodiment of a radar
sensor having a control unit.

FIG. 2 shows a transmitting and receiving unit for use in a
radar sensor.

FIG. 3 shows a second exemplary embodiment of a radar
sensor having a control unit.

FIG. 4 shows a diagram of the time dependence of trans-
mitting and receiving frequencies in a radar sensor.

FIG. 5 shows a diagram of the emission characteristic of a
radar sensor.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

FIG. 1 schematically shows a radar system having a radar
sensor and a control unit.

The radar system has a control unit 10 and a radar sensor
including multiple transmitting and receiving units 20, a dis-
tributor 30, and an antenna array 40. Control unit 10 has
control outputs 11 and intermediate frequency signal inputs
12 via which control unit 10 is connected to transmitting and
receiving units 20. Each of transmitting and receiving units 20
is then connected to a high frequency input and output 31 of
distributor 30. Distributor 30 also has an antenna connection
32 for connecting to antenna array 40. Antenna array 40
includes multiple antenna elements 41 situated next to one
another, adjacent antenna elements 41 being connected to one
another via a delay line 42. The outer two antenna elements 41
of the linear, chain-like array formed in this way are con-
nected to feeding points 43/ and 43r, of which one, feeding
point 43/, contacts antenna connection 32 of distributor 30
and the other, feeding point 437, is terminated by terminator
44.

A plurality n of transmitting and receiving units 20 is
provided for the radar sensor in the radar system according to
FIG. 1. For the purpose of clarity, only two transmitting and
receiving units 20-1 and 20-» are shown as examples. Accord-
ing to number n of transmitting and receiving units 20, control
unit 10 has a number n of pairs of control outputs 11 and
intermediate frequency signal inputs 12 and distributor 30 has
a number n of HF inputs and outputs 31. Via individual
control outputs 11-1 through 11-n, the frequency of each
transmitting and receiving unit 20-1 through 20-» may be set
independently of one another by control unit 10. Via distribu-
tor 30, the high frequency radar signals generated by trans-
mitting and receiving units 20 are fed into antenna array 40.
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As a result of the configuration of antenna array 40 as a
phased array having delay lines 42, each of the high frequency
signals of a transmitting and receiving unit 20 causes the
emission of a radar signal having a certain emission direction
depending on the frequency of particular transmitting and
receiving unit 20.

In total, the superposition of the individual signals of one of
each transmitting and receiving unit 20 results in a radar field
composed of the superposition of n emission lobes. Each of
transmitting and receiving units 20 is also designed for
receiving radar signals at their own transmission frequency.
Inthe case of an appropriate frequency selection in the receiv-
ing circuit of transmitting and receiving units 20, antenna
array 40 has the same directional characteristic for transmis-
sion and reception of signals. This results in an additional
increase in the angle sensitivity of the individual signals.

Antenna elements 41 of antenna array 40 may be planar
elements, for example, which are situated vertically next to
one another, transversely, preferably perpendicularly, to the
direction of travel of the vehicle so that the directional lobes
point forward parallel to the road surface. The directional
lobes are swiveled on the plane spanned by the surface normal
of planar antenna elements 41 and the direction in which
antenna elements 41 are situated next to one another. Thus, it
is possible to swivel on a horizontal plane to the left and right
with respect to the oncoming lane of traffic or the edge of the
road.

So-called Wilkinson high frequency distributors may be
used as distributors 30. Any HF summation and divider circuit
may basically be used as long as it functions as linearly as
possible so that no additional possibly interfering frequency
bands are introduced into the radar system by non-linear
effects.

FIG. 2 shows a design of a transmitting and receiving unit
20 suitable for the exemplary embodiment of FIG. 1 in greater
detail. Reference numerals in all figures indicate identical or
identically functioning elements.

Transmitting and receiving unit 20 has a generator 21 for
generating an HF signal. Frequency f of the HF signal may be
varied via a control signal V. Signal V. determining the fre-
quency is provided by control output 11 of control unit 10 as
an analog or digital signal. Transmitting and receiving unit 20
also has a circulator 22, which relays the HF signal of HF
generator 21 via an output to HF input and output 31 of
distributor 30, from which the signal is supplied to antenna
array 40 (not shown here).

An HF signal reflected by an object and received and
returned via antenna array 40 and distributor 30 is supplied
via the same terminal to circulator 22, which relays it to a
mixer 23. In mixer 23, the received HF signal is mixed with
the HF signal generated by generator 21, picked off at a
pickoft 24 and supplied to the mixer. The resulting mixed
signal includes a signal at a lower frequency than the high
frequency which includes information about the relative
speed of the reflecting object via the Doppler shift. The mixed
signal is relayed via a low-pass filter 25, which suppresses any
higher frequency signals, as an intermediate frequency signal
to intermediate frequency signal input 12 of control unit 10.

High frequency signal components in the mixed signal may
be caused, for example, by reflected transmission signals of
other transmitting and receiving units 20 emitting at another
frequency than the considered transmitting and receiving unit
20. The (low) frequency filtering in the mixed signal corre-
sponds to a frequency selection in the HF signal path of
transmitting and receiving unit 20. An HF selectivity of trans-
mitting and receiving unit 20 resulting in a directional char-
acteristic also for received signals is achieved in this manner.
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FIG. 3 shows a second exemplary embodiment of a radar
system having a control unit and a radar sensor.

The design is analogous to that of the exemplary embodi-
ment shown in FIG. 1. In contrast to the radar sensor from
FIG. 1, feeding point 437 of antenna array 40 in the exemplary
embodiment in FIG. 3 is not terminated by a terminator but is
connected to an additional distributor 30 which also allows
the connection of transmitting and receiving units 20. To
differentiate distributors 30 used in this exemplary embodi-
ment and transmitting and receiving units 20 connected to
these distributors 30, indices 1 (left) and r (right) are used, all
elements provided with index 1 acting on left feeding point 43/
and all elements provided with index r acting on right feeding
point 43~

The exemplary embodiment in FIG. 3 provides a number of
n transmitting and receiving units 201-1 through 201-z and a
number m of transmitting and receiving units 207-1 through
207-m. Distributors 30/ and 307 have a corresponding number
of HF inputs and outputs 31/-1 through 31/-» and 31r-1
through 317-m. The same is true for control outputs 11 and
intermediate frequency inputs 12 of control unit 10. A system
as shown in FIG. 3 may have advantages in particular when
the total number n+m of provided transmitting and receiving
units 20 is large and an individual distributor 30 having a
corresponding number of HF inputs and outputs 31 would
exhibit attenuation that is too high. However, the fundamental
operating principle of the system in FIG. 1 and FIG. 3 does
not differ. In particular, the transmitting and receiving units
described in greater detail in FIG. 2 may also be used as
transmitting and receiving units 20/ and 207 in the exemplary
embodiment in FIG. 3.

The operating principle of a radar sensor having multiple
transmitting and receiving units 20 is explained in the follow-
ing in connection with FIGS. 4 and 5. A radar sensor as
specified in the exemplary embodiment of FIG. 3 in which
two transmitting and receiving units 20/ and 20~ are operated
at both distributors 30/ and 307 (n=m=2) is taken as an exem-
plary basis.

FIG. 4 is a schematic diagram showing frequency f of
emitted HF signals of the transmitting and receiving units as
a function of time t in an exemplary embodiment of a radar
sensor. Frequencies f of transmitting and receiving units 20/-
1,20/-2,20r-1, 207-2 are referred to as fl-1, fl-2, fr-1, and fr-2.
Frequency f, marked on the frequency axis refers to the fre-
quency at which antenna array 40 emits in a direction perpen-
dicular to the direction in which antenna elements 41 are
situated. This direction is referred to as the basic direction in
the following.

As shown in FIG. 4, transmitting and receiving unit 20/-1 is
operated at a constant frequency fl-1 equal to f, while the
remaining transmitting and receiving units 20/-2, 207-1, and
207-2 are operated at frequencies that change linearly in sec-
tions. The frequency changes in the presented example are
periodic as shown by the sawtooth-like curve of frequency
fl-2. The period length may be selected differently for difter-
ent transmitting and receiving units 20. It is also possible that
one or more of the frequencies may be changed as a function
of'a detected object, for example, to keep it in the observation
area (object tracking).

FIG. 5 shows the entire directional characteristic of the
radar sensor resulting from the superposition of the four
directional lobes 50 assigned to the four transmitting and
receiving units 20 as a snapshot at a point in time t=t, shown
as a dashed line in FIG. 4. The arrows at the ends of direc-
tional lobes 50 in FIG. 5 symbolize the instantaneous direc-
tion of movement of directional lobes 50. A frequency that is
less than frequency f,, results in a directional lobe swiveled to
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the right of the basic direction, while a frequency that is
greater than f; results in a directional lobe that is swiveled to
the left.

At point in time t=t,, the displayed total directional char-
acteristic consequently results as the superposition of direc-
tional lobe 50/-1, whose main beam direction is aligned along
the basic direction and does not change over time, of direc-
tional lobe 50/-2, which is swiveled to the left and moves
further in this direction, of directional lobe 507-1, which is
swiveled slightly to the right and moves to the left, and of
directional lobe 507-2, which is swiveled to the right and
moves further in this direction. With the shown system, an
angular range aligned in a centrally forward direction, i.e., in
the direction of travel, may be advantageously continuously
observed via directional lobe 50/-1 and at the same time
oncoming traffic is scanned via movable directional lobe
50/-2, and the edge of the road is scanned via additional
movable directional lobes 507-1 and 507-2. The simultaneous
scanning allows continuous observation of relevant angular
ranges with simultaneously good angle resolution.

In the case of radar systems having a constant frequency
and continuous, non-pulsed emission, a signal reflected by an
object initially only includes information regarding the speed
of the reflecting object. Information regarding the signal
propagation time, which may be acquired, for example, on the
basis of pulsed radar signals, is required to ascertain distance
information. In the case of continuously emitting radar sys-
tems, period information may be acquired via frequency
modulation (FMCW-—frequency modulated continuous
wave). In the case of angle-resolved radar sensors presented
as part of this Application, a periodic frequency change used
for angle variation may be used at the same time to acquire
distance information from the reflected radar signal. For this
purpose, it is necessary to evaluate the received radar signal
over at least two periods of the frequency change.

Alternatively, it is possible to superpose an additional, e.g.,
ramp-shaped or sawtooth-shaped, frequency modulation on
the frequency-varied signal for angle variation. Such modu-
lation may have a smaller frequency deviation than the fre-
quency variation for angle variation and a shorter period
length.

Alternatively, the example radar sensors may also be used
as a pulse radar. In such a case, several radar pulses at the
same transmission frequency may be emitted, for example,
resulting in the transmission frequency changing incremen-
tally for the purpose of changing the angle.

In the exemplary embodiments, further processing of the
signals received at intermediate frequency signal inputs 12 of
control unit 10 may advantageously be performed via an
analog-digital converter and subsequent frequency analysis,
e.g., via Fast Fourier Transform (FFT).

Control unit 10 is not part of the radar sensor in the above
exemplary embodiments. However, it may also be designed
as an integral part of the radar sensor.

In addition to presented transmitting and receiving units
20, which map the high frequency signal directly to an inter-
mediate frequency signal via mixer 23, the use of superhet
receivers that additionally use mapping to an additional inter-
mediate frequency stage is also possible.

What is claimed is:

1. A radar sensor, comprising:

an antenna array including multiple antenna elements situ-

ated next to one another and connected in series via
delay lines, and at least one feeding point at an outer one
of the antenna elements; and

at least two transmitting and receiving units, each to gen-

erate and evaluate a radar signal at a predefined fre-
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quency, the at least two transmitting and receiving units
being connected to the at least one feeding point of the
antenna array, and the predefinable frequency of the
radar signal of the at least two transmitting and receiving
units being predefinable independently of one another,
wherein each of the transmitting and receiving units has
a high frequency generator to generate the radar signal
and a received radar signal is mixed with the signal
generated by the high frequency generator for an evalu-
ation of the radar signal;

wherein the at least two transmitting and receiving units are

permanently connected to the antenna array via a dis-
tributor, wherein the distributor is a Wilkinson high fre-
quency distributor, and wherein the delay lines are con-
figured so that aradar signal emitted by the antenna array
is directed, a main beam direction depending on a fre-
quency of the radar signal.

2. The radar sensor as recited in claim 1, wherein the
distributor is a hybrid high frequency distributor.

3. The radar sensor as recited in claim 1, wherein the
antenna array has two feeding points, all transmitting and
receiving units being connected to a first one of the feeding
points and the other of the feeding points being terminated by
a terminator.

4. The radar sensor as recited in claim 1, wherein the
antenna array has two feeding points and two distributors, a
first one of the two distributors being connected to one of the
feeding points and to at least one of the transmitting and
receiving units.

5. The radar sensor as recited in claim 1, wherein the
transmitting and receiving units are configured for FMCW
operation.

6. The radar sensor as recited in claim 5, wherein the radar
signals are frequency modulated by at least one of the trans-
mitting and receiving units at least one of to change a main
beam direction, and for distance determination.

7. The radar sensor as recited in claim 6, wherein the
frequency modulation is one of a ramp-shaped or sawtooth-
shaped modulation to change the main beam direction and
distance determination.

8. The radar sensor as recited in claim 6, wherein the
frequency modulation is composed of a first and a second one
of ramp-shaped or sawtooth-shaped modulation that differs
with respect to at least one of frequency deviation and period
length.

9. The radar sensor as recited in claim 1, wherein the radar
sensor is a Doppler radar.

10. The radar sensor as recited in claim 1, wherein the radar
sensor is a pulse radar.

11. The radar sensor as recited in claim 1, wherein the
antenna array has two feeding points, all transmitting and
receiving units being connected to a first one of the feeding
points and the other of the feeding points being terminated by
a terminator.

12. The radar sensor as recited in claim 1, wherein the
antenna array has two feeding points and two distributors, a
first one of the two distributors being connected to one of the
feeding points and to at least one of the transmitting and
receiving units.

13. The radar sensor as recited in claim 1, wherein the at
least two transmitting and receiving units are permanently
connected to the antenna array via a distributor, wherein the
distributor is a hybrid high frequency distributor, and wherein
the delay lines are configured in such a way that a radar signal
emitted by the antenna array is directed, a main beam direc-
tion depending on a frequency of the radar signal.
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14. The radar sensor as recited in claim 13, wherein the
antenna array has two feeding points, all transmitting and
receiving units being connected to a first one of the feeding
points and the other of the feeding points being terminated by
a terminator.

15. The radar sensor as recited in claim 13, wherein the
antenna array has two feeding points and two distributors, a
first one of the two distributors being connected to one of the
feeding points and to at least one of the transmitting and
receiving units.

16. The radar sensor as recited in claim 13, wherein the
transmitting and receiving units are configured for FMCW
operation, wherein the radar signals are frequency modulated
by at least one of the transmitting and receiving units at least
one of to change a main beam direction, and for distance
determination, and wherein the frequency modulation is one
of'a ramp-shaped or sawtooth-shaped modulation to change
the main beam direction and distance determination.

17. The radar sensor as recited in claim 13, wherein the
transmitting and receiving units are configured for FMCW
operation, wherein the radar signals are frequency modulated
by at least one of the transmitting and receiving units at least
one of to change a main beam direction, and for distance
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determination, and wherein the frequency modulation is com-
posed of a first and a second one of ramp-shaped or sawtooth-
shaped modulation that differs with respect to at least one of
frequency deviation and period length.

18. The radar sensor as recited in claim 1, wherein the
transmitting and receiving units are configured for FMCW
operation, wherein the radar signals are frequency modulated
by at least one of the transmitting and receiving units at least
one of to change a main beam direction, and for distance
determination, and wherein the frequency modulation is one
of'a ramp-shaped or sawtooth-shaped modulation to change
the main beam direction and distance determination.

19. The radar sensor as recited in claim 1, wherein the
transmitting and receiving units are configured for FMCW
operation, wherein the radar signals are frequency modulated
by at least one of the transmitting and receiving units at least
one of to change a main beam direction, and for distance
determination, and wherein the frequency modulation is com-
posed of a first and a second one of ramp-shaped or sawtooth-
shaped modulation that differs with respect to at least one of
frequency deviation and period length.
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